While prior work has suggested that a high-grade atrioventricular block (HAVB) in the setting of an acute coronary syndrome (ACS) is associated with in-hospital death, limited information is available on the incidence of, and death associated with, HAVB in ACS patients receiving contemporary management.
Introduction
High-grade atrioventricular block (HAVB), defined as the presence of Mobitz type II second-degree or third-degree AV block, is a worrisome finding in patients with acute coronary syndromes (ACS). Prior studies have reported the incidence of HAVB in ACS between 3 and 14% with an associated three-to five-fold increased risk of in-hospital death. 1 -12 These reports have been limited by the small numbers of patients studied, typically in ST segment myocardial infarction (STEMI) patients, and predominantly in patients receiving care in, or prior to, the 1990s. 1 -12 Furthermore, the associations between clinical factors including in-hospital therapies received, and the risk of death within this group of patients is not well described. To address these limitations, we analysed data from a global population of ACS patients to determine: (i) the incidence of HAVB complicating ACS, (ii) the risk of death, and (iii) factors associated with death in patients with HAVB.
Methods
The design of the Global Registry of Acute Coronary Events (GRACE) study has previously been reported. 13 In brief, this prospective multinational registry enrolled patients with ACS at 126 hospitals in 14 countries between 1999 and 2007. Eligible patients were ≥18 years of age with a presumptive diagnosis of ACS and ≥1 of the following findings: abnormal cardiac biomarkers, electrocardiography (ECG) changes consistent with ACS, or prior coronary artery disease. Patients were excluded if the ACS was precipitated by non-cardiovascular co-morbidities including trauma, gastrointestinal bleeding, or an operation or procedure. Local hospital ethics review board approval was obtained at each site and, where necessary, informed consent obtained from participating patients.
Standardized case report forms were completed by local study co-ordinators or physicians to document patient demographics, clinical history, presenting features, medication use (before and during hospitalization), in-hospital management (medical and invasive therapies), and in-hospital clinical events. Follow-up was also performed at 6 months to ascertain vital status and identify new clinical events.
ST-segment elevation myocardial infarction was defined as ≥1 mm ST-segment elevation in two contiguous leads or new left bundle branch block, accompanied by ≥1 positive cardiac biomarker confirming cardiac necrosis. Non-STEMI was diagnosed when ≥1 positive cardiac biomarker confirming cardiac necrosis was present without new ST-segment elevation. Unstable angina pectoris (UA) was diagnosed when cardiac biomarkers were within normal limits. The diagnosis of ACS was confirmed at the time of discharge.
ECGs were interpreted at the enrolling centre and not centrally adjudicated. High-grade atrioventricular block was defined in the GRACE as the presence of either Mobitz II second-degree AV block or third-degree AV block. High-grade atrioventricular block was categorized as occurring at presentation if HAVB was present on the index ECG and presumed to be of new onset. High-grade atrioventricular block was categorized as occurring in-hospital if HAVB was noted only on subsequent ECGs and not the index ECG. Patients with HAVB on both the index and subsequent in-hospital ECGs were categorized as HAVB at presentation.
Patients with ACS were categorized into one of two groups: those with HAVB and those without HAVB at any time during the ACS. Demographic, clinical features, and the use of in-hospital therapies were reported for each group. Continuous variables were reported as medians with 25th and 75th percentiles and categorical variables as percentages. Comparisons of the continuous and categorical variables were made with the Mann-Whitney U and x 2 tests, respectively.
Multiple logistic regression analysis adjusting for the GRACE risk score, a validated predictor of in-hospital mortality 14, 15 and the region in which the ACS occurred [(i) Europe; (ii) USA; (iii) Argentina/Brazil; (iv) Australia/New Zealand/Canada] was performed to assess the adjusted odds ratio (OR) and 95% confidence interval (CI) of in-hospital death associated with HAVB at any time during the admission for ACS. To assess the impact of the type of ACS, we repeated this analysis for each of STEMI, non-STEMI, and UA. Similar analyses were employed for 6-month outcomes.
Patients with HAVB were further evaluated according to the time HAVB was first noted (at presentation or in-hospital), and their vital status at hospital discharge. Univariate and multiple logistic regression analyses were performed to estimate the odds associated with various clinical factors and in-hospital death within this group of patients.
Linear temporal trend in rates was assessed by the Mantel -Cochran-Haenszel test. An alpha level of 0.05 was used in all significance testing.
All analysis was conducted using the SAS software package, version 9.2 (SAS Institute, Cary, NC, USA).
Results
A total of 59 229 patients with ACS hospitalized between 1999 and 2007 were included: 37% with STEMI, 33% with non-STEMI, and 30% with UA. Overall HAVB was present in 2.9% of the cohort; the incidence of HAVB with STEMI, non-STEMI, and UA was 5.0, 1.9, and 1.5%, respectively (P , 0.001) ( Figure 1 ). High-grade atrioventricular block occurred at the time of presentation in 46% of patients, whereas 54% developed this complication during the index hospitalization.
Patients with HAVB presented with higher-risk features as evidenced by the higher GRACE risk score at the time of ACS presentation ( Table 1 ). Cardiac catheterization was performed less frequently in patients with HAVB (58.2 vs. 62.7%) ( Table 2 ).
In-hospital complications such as heart failure (30.6 vs. 12.8%), shock (23.3 vs. 3.5%), and ventricular arrhythmias (14.0 vs. 2.7%) were more common in patients with HAVB. Of note, temporary pacemaker insertion was utilized in 35.0% of patients with HAVB compared with 1.5% without HAVB. The indication for temporary pacemaker insertion was not available in the GRACE.
Overall, 23% of patients with HAVB died prior to hospital discharge compared with 4.3% without HAVB (P , 0.001). After adjusting for the GRACE risk score and study region, this association remained statistically significant with an OR of in-hospital death of 4.2 (95% CI, 3.6 -4.9; P , 0.001). The association between HAVB Figure 1 Rates of high-grade atrioventricular block (at presentation or later in-hospital) and associated in hospital mortality by acute coronary syndrome type. P , 0.001 for the interaction between high-grade atrioventricular block with acute coronary syndrome type (grey bars) and odds of death with each acute coronary syndrome type (see text for details). and in-hospital death varied with type of ACS (P for interaction , 0.001): 3.0 (95% CI, 2.5 -3.7; P , 0.001) for STEMI, 6.4 (95% CI, 4.7 -8.8, P , 0.001) for non-STEMI, and 8.2 (95% CI, 5.2 -13, P , 0.001) for UA ( Figure 1) .
Of the patients surviving the initial hospitalization, follow-up at 6 months was obtained for 80%. Patients lost to follow-up had a similar rate of in-hospital HAVB (2.4 vs. 2.3%, P ¼ 0.51), median age (66 vs. 66, P ¼ 0.65), and GRACE risk score (127 vs. 128, P ¼ 0.04) compared with those where follow-up was complete. No significant difference in post-discharge mortality between HAVB and non-HAVB patients was observed at 6 months [7.2 vs. 4.2%;
The rate of HAVB in all ACS patients, temporary and permanent pacemaker implantation, and in-hospital mortality for patients with ACS (with and without HAVB) was determined for each year of the study (Figure 2) . A significant linear decline was observed in the rate of HAVB in general (0.02%/year; P for trend , 0.001) including HAVB occurring at presentation (0.05%/year; P for trend ¼ 0.02) and HAVB developing in-hospital (0.2%/year; P for trend ,0.001), temporary (0.2%/year; P for trend,0.001), and permanent Left ventricular assessment performed in 837 with HAVB and 27 295 without HAVB. c Thousand three hundred and fifteen with HAVB discharged alive and 55 638 without HAVB discharged alive. pacemaker use (0.06%/year; P for trend ,0.001), and in-hospital mortality in patients with ACS without HAVB (0.2%/year; P for trend ,0.001). A significant linear decline was not observed for in-hospital mortality associated with HAVB (P for trend ¼ 0.62) regardless of the time HAVB occurred (at presentation; P for trend ¼ 0.33 vs. in-hospital; P for trend ¼ 0.58).
Patients with HAVB (n ¼ 1701) were further analysed according to the time onset of HAVB (Supplementary material online, Appendix Table S1 ). When compared with patients with HAVB at the time of presentation, patients with HAVB that developed in-hospital had similar GRACE risk scores (152 vs. 151, P ¼ 0.69), rates of percutaneous coronary interventions (PCI) (43 vs. 43%, P ¼ 0.96), but had a larger number of coronary arteries with .50% stenosis (three or more coronaries: 21 vs. 16%. P ¼ 0.02), left anterior descending territory infarctions (23 vs. 16%, P ¼ 0.01), experienced a higher frequency of in-hospital complications including re-infarction (7.5 vs. 2.9%, P ¼ 0.002), cardiogenic shock (29 vs. 17%, P , 0.001), and had a higher use of permanent pacemakers (7.3 vs. 4.2%, P ¼ 0.01). In-hospital death was higher in patients with HAVB developing in-hospital compared with HAVB present at the time of presentation to the hospital [29 vs. 15%; adjusted OR ¼ 2.9 (95% CI ¼ 2.1 -4.0)]. For patients surviving to hospital discharge, there was no associated increased risk of death at 6 months (adjusted OR ¼ 0.92, 95% CI ¼ 0.54-1.58).
Patients with HAVB were also analysed based on their vital status at the time of the hospital discharge (Supplementary material online, Appendix Table S2 ). Patients with HAVB who died in hospital were older (74 vs. 69 years, P , 0.001), had higher GRACE risk scores (180 vs. 145, P , 0.001), experienced more in-hospital complications including myocardial re-infarction (15 vs. 2.7%, P , 0.001), congestive heart failure (53 vs. 24%, P , 0.001), cardiogenic shock (67 vs. 11%, P , 0.001), and ventricular arrhythmias (28 vs. 9.8%, P , 0.001). Temporary pacemaker use was higher in HAVB patients who died in hospital (52 vs. 30%, P , 0.001), whereas permanent pacemaker implantation was higher in survivors (7.1 vs. 1.8%, P , 0.001). After adjusting for all statistically significant variables present in the univariate analysis, associations between several variables and in-hospital death remained ( Table 3) . Specifically, HAVB at presentation, receipt of fibrinolysis or PCI within 12 h of hospitalization, and receipt of a permanent pacemaker were associated with a higher likelihood of in-hospital survival, whereas a prior history of heart or renal failure and the use of a temporary pacemaker were associated with higher risk of in-hospital death.
The positive association between permanent pacemaker implantation and in-hospital survival was further assessed by evaluating the association between permanent pacemaker implantation and survival after hospital discharge at 6 months. Patients with HAVB who survived the initial hospital admission and received a permanent pacemaker had an elevated odds of death at 6 months (adjusted OR ¼ 2.4, 95% CI ¼ 1.2 -5.1).
Discussion
We described the clinical features and outcomes of HAVB in a global registry of patients with a broad spectrum of ACS. Although the incidence of HAVB in this cohort was lower than previously reported 1, 3, 5, 7, 9, 10 and decreased throughout the study period, patients with this complication had an associated increased risk of in-hospital death. Moreover, despite advances in ACS care, in-hospital mortality associated with this complication did not decrease over the 9-year period of the registry, confirming the ongoing ominous nature of this complication. However, patients with HAVB who survived the initial hospitalization had similar longterm survival when compared with patients without HAVB.
Mechanism of high-grade atrioventricular block with acute coronary syndrome
Multiple mechanisms for HAVB have been proposed in the setting of ACS. Activation of parasympathetic afferent nerves in the inferiorposterior wall of the left ventricle may result in reflex bradycardia and AVB (Bezold -Jarisch reflex). 16 -19 This phenomenon typically appears early, may reflect coronary reperfusion, 18, 19 and is sensitive to atropine. 1, 16, 20 The AV node itself may become ischaemic if its blood supply is compromised. 16 While the AV nodal artery typically arises from the right coronary artery, collateral blood supply to the AV node is provided by the septal perforators of the left anterior descending artery and adjacent venous sinusoids, thereby providing this structure with some degree of protection. 21 Furthermore, this structure is resistant to transient ischaemia due to its high intracellular content of glycogen. 22 Despite this, prolonged ischaemia with extensive myocardial necrosis may result in irreversible AV nodal injury. Finally, extensive myocardial infarction involving the septum, typically in the setting of an anterior MI, may result in extensive bilateral bundle branch infarction. 23 It is likely that a combination of these mechanisms is in play during episodes of HAVB with the dominant mechanism of HAVB dictating the time course, duration, and clinical consequences associated with this complication. For example, our finding of a worse prognosis with UA or non-STEMI compared with STEMI, a finding not previously reported in the literature, may reflect the fact that patients with UA and non-STEMI typically have multi-vessel ischaemia with compromised primary and collateral blood flow to the AV node and the septum resulting in more severe conduction impairment, whereas STEMI patients often have compromised, but frequently transient due to rapid reperfusion, flow to a single vessel resulting in less severe compromise to the conduction system.
Associations with in-hospital death in high-grade atrioventricular block patients
High-grade atrioventricular block developing in-hospital was associated with an increased risk of death when compared with HAVB observed at presentation to the hospital. This finding is not surprising as early HAVB may be related to increased vagal tone, 1,16 -19 reversible AV nodal ischaemia, or the act of reperfusion itself, 17, 18 whereas late HAVB may be associated with more complicated infarctions 2, 24 as evidence by the higher rate of re-infarction and cardiogenic shock observed in patients with HAVB developing in-hospital. Our data are the first to demonstrate a positive association between reperfusion/ early revascularization and survival in patients with HAVB complicating ACS. We speculate that the potential benefit of fibrinolysis or early PCI may be related to both the attenuation of the ischaemic insult to the conduction system, reduction in the risk of re-infarction, and a reduction in the overall infarct size, the latter of which has consistently been shown to be associated with improved overall survival. 25 Temporary pacing, an intervention clearly indicated in this population, 26 was not associated with a reduction in in-hospital death but in fact associated with a two-fold increase in the risk of in-hospital death. While temporary pacemaker placement may be fraught with complications including ventricular fibrillation, cardiac perforation, and septicaemia, 27 the increased risk of death observed in this study likely reflects the fact that HAVB itself may not be responsible for a patient's death but rather be a reflection of the severity of the patient's ACS. Unlike temporary pacemaker insertion, a positive association between permanent pacemaker implantation and in-hospital survival was observed. While a true protective effect of permanent pacing cannot be excluded, it is quite possible that this finding may be related to survival bias-that is, patients receiving a permanent pacemaker would be required to survive to the time of pacemaker implantation which typically occurs later during hospitalization. The suggestion of increased odds of death at 6 months in patients with HAVB who received a permanent pacemaker compared with patients with HAVB who did not receive a pacemaker suggests that permanent pacemaker implantation may also be a marker of a higher-risk subgroup of patients with haemodynamically unstable HAVB and ACS. In this situation, patients with HAVB may survive the initial hospital admission thereby receiving a permanent pacemaker, but die shortly thereafter despite correction of the conduction abnormality due to the underlying severity of the ACS.
Implication
Our data suggest that the HAVB is associated with complicated ACS. Although pacing is warranted in this situation, this intervention in isolation may not improve survival in this patient population. Our findings suggest that reperfusion/early revascularization and potentially other interventions aimed at attenuating infarct size and minimizing additional complications associated with ACS could have an impact upon the incidence and possibly the outcomes associated with HAVB. Such interventions should be aggressively pursued as patients 
Limitations
Limitations of our work must be acknowledged. First, the insertion of temporary or permanent pacemakers was not randomized in this observational study. Patient and physician treatment preferences, availability of cardiac interventions, and other unmeasured confounders, likely exist and may not be accounted for in our analysis. It would be impossible to remove this bias outside the setting of a randomized controlled trial, which is likely not feasible. Second, patients not surviving the pre-hospital phase were not included in our registry which could lead to an under-estimation of the incidence of HAVB and the observed association between HAVB and death. Additionally, we assessed the association between in-hospital therapies such as early (within 12 h) PCI, temporary-and permanent-pacemaker insertion on death; however, our findings may be biased as almost one quarter of deaths in the GRACE registry occurred within the first 24 h of ACS admission 14 which could preclude receipt of these interventions. Third, in-hospital telemetry and frequent ECG monitoring were not mandated which may have decreased the ability to detect HAVB. This, as well as the absence of an ECG core lab, may have resulted in misclassification and potential under-estimation of the incidence of HAVB. Fourth, we were unable to distinguish HAVB due to a Mobitz type II second-degree from a third-degree AV block in the GRACE thereby preventing us from exploring the differential impact of each type of AVB on clinical outcomes. Finally, our analysis was of patients receiving care for ACS between 1999 and 2007, may not reflect current practice patterns. Despite these limitations, our analysis of the GRACE is unique, as it provides an opportunity to explore associations between HAVB and clinical events across a wide spectrum of ACS patients globally. In conclusion, although the incidence of HAVB with ACS is low, in-hospital mortality with this condition remains high, and likely reflects the severity of the ACS. Aggressive supportive care in addition to pacing may be necessary to improve the outcome of patients with this serious complication.
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